Introduction
Reproductive technologies such as sperm cryopreservation, artificial insemination and in vitro fertilization are all necessary to maintain genetic resources of endangered nonhuman pri¬ mates as well as to improve reproductive efficiency of these animals in captivity. Although successful freezing of spermato¬ zoa has been reported for rhesus monkeys (Roussel and Austin, 1967; Leverage et ah, 1972) , baboons (Kraemer and Vera Cruz, 1969) , squirrel monkeys (Denis et ah, 1976) , chimpanzees (Gould and Styperek, 1989) and gorillas (Lambert et ah, 1991) , there are relatively few reports on the freezing of spermatozoa from cynomolgus monkeys (Macaca fascicularis) (Cho and Honjo, 1973;  Mahone and Dukelow, 1978; Tollner et ah, 1990), despite the wide use of this species in biomedicai research. This study reports the effects of various freezing procedures on the survival and fertility of spermatozoa from cynomolgus monkeys. The zona pellucida penetration assay and in vitro fertilization were used to assess the efficiency of the freezing procedures.
Materials and Methods
Collection of semen and the preparation of spermatozoa Fresh semen was collected from sexually mature male cynomolgus monkeys, aged 9-12 years, which had been bred and maintained in our primate centre (Honjo, 1985) . Each male was anaesthetized using 10 mg ketamine hydrochloride kg~' body mass (Ketalar; Sankyo, Tokyo; Cho et ah, 1969) (Fig. 1) . The effect of equilibrium time in TTE-G medium is shown (Fig. 2) . Immediately following the washing after the freeze-thaw procedure, survival and motility of the spermatozoa were excellent at any equilibrium time. However, survival and motility decreased rapidly during 1 h of subsequent incubation when spermatozoa had been equilibrated with glycerol for 2-8 h, but did not decrease when spermatozoa had been equilibrated with glycerol for 0.5 h. These results indicate that cryopreservation of spermatozoa from cynomolgus monkeys is best accomplished by TTE-G medium containing 5% glycerol with 0.5 h equilibrium. Fig. 3 ). The penetration rates at each preincubation time using this medium were significantly differ¬ ent ( 2 = 44.40). In the spermatozoa preincubated for more than 4 h, the penetration rates were significantly higher (P < 0.001) than those of spermatozoa preincubated for 2 h.
When frozen-thawed spermatozoa were used, the penetration rate after 2 h preincubation was higher than that when fresh spermatozoa were used.
In vitro fertilization
Fresh unfrozen spermatozoa that showed hyperactivated motion after 8 h of preincubation fertilized 47% of eggs (Table 3) . None was fertilized by spermatozoa that had been preincubated for 2 h and that did not show hyperactivated motion. In contrast, the frozen-thawed spermatozoa showed hyperactivated motion after 2 h of preincubation and fertilized 57% of the oocytes (Fig. 4) 
